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Abstract 
The Combination of sea surface height (SSH) of satellite altimetry and tide gauge (TG) data with control of GNSS 
data is proposed as an alternative method of detecting vertical movement of South Java island due to the subduction 
process. Before the combination, both  SSHs have to be preprocessed, especially the satellite altimetry data over 
coastal area which is noisy due to land contamination signal and fast change of meteorological condition as the 
location shifts from land to ocean. Preprocessing data was done through retracking waveform altimetry data using 
two retracking methods. The first processing result of Jason-1 data shows that several complex  patterns  have 
occured on the altimetry waveform over the coast of Java Island. It also indicates that the position of the leading edge 
(PLE)  has shifted for about 1.01 - 1.7 from the value of on-board PLE, resulting in the amount of correction of 
within ± 0.68m.   At the same time, the TG data have also been preprocessed to address the gap, spike and change in 
reference before re-sample following the altimetry sampling time. Using a matlab developed-program, three main 
problems on TG data could be resolved, and the final TG data has adequate quality for the study. Finally, the GNSS 
measurement at the tide gauges stations have been processed using GAMIT software to compute the velocity of the 
crustal movement in 3D, as the control of the proposed-method. Based on statistical testing, it is identified that there 
is a significant difference in all 3D components of  four stations with velocity of 2 – 5 cm/year except for Tanjung 
Mas station, city of Semarang, that has been experiecning rapid land subsidence. 
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1. Introduction 
Java Island is one of the main islands in Indonesia with population of about 136.6 millions or about 
58% of total Indonesian population. It is located in one of the most geodynamic areas in the world, in 
which the Australian plate subducts the Eurasian plate so that the island moves to the north with average 
velocity of about 2cm/year. People should always be prepared for the possibility of earthquake, land slide, 
volcanic eruption and tsunami hazards which often occur around the area. Therefore, the geodynamic 
studies of the area are necessary especially for hazard mitigation purposes. Several methods are available 
and, among others, is geometric method using repeated or continuous GNSS measurement. 
Unfortunately, the method is not always available widely over the area due to some technical and 
financial reasons. However, for many decades a very useful time series on sea surface record taken at TG 
station along the coast is available. From the space, to complement the TG data and to complete the view 
over the open ocean, satellite altimetry has been implemented and has seen great success since 1978 with 
present accuracy of about 4 cm [4].  
The principle of satellite altimetry measurement is that satellite transmits an electromagnetic pulse to 
sea surface and measures its two-way travel time when the return pulse is reflected from the instantaneous 
sea surface. The satellite-observed time delay can be converted to range of the satellite to the sea surface. 
Meanwhile, the height of satellite above the reference ellipsoid is precisely known from orbit 
determination. Based on both measurement and known parameter, the height of instantaneous sea surface 
above the ellipsoid reference can be determined [5].  Fig 1 shows the distribution of TG stations and track 
of multi-satellite altimeter around Java Island. 
Fig. 1. The distribution of Tide Gauge stations (red triangle; measured GNSS station, green triangle; not-measured GNSS station) 
and track of multi-satellite altimeter (Topex; red, Jason; green and Envisat; blue) around Java island 
As previously mentioned, the altimetry measurement of the sea-surface height (SSH) is related to the 
reference ellipsoid at a given location and time. In this sense the altimetry measurement provides an 
absolute geocentric SSH in the terrestrial reference frame not influenced by the vertical movement of the 
crust. On the other hand, the TG measurement involves SSH that is related to local height or relative to 
the solid ground on which the TG is fixed and it is thus influenced by the vertical crust movement.  
Therefore, in principle, there is fundamental difference between the two data types: altimetry and TG. 
While altimetry data provide the absolute vertical ground motion, TG shows the vertical movement of the 
crust at the tide gauges sites [1] [6][7][10].  Fig 2 shows the combination  of  satellite altimetry and tide 
gauges data as an alternative method on the possible detection of vertical crustal movement. Verification 
of the method was done through comparison between the velocity movement and the already estabished-
GNSS measurement method.   
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Before comparing the two data, both have to fulfill several requirements, among others are low level-
noise and long period of data. Such requirements are necessary so that the method is possible to detect a
very small magnitude and long period of crustal movement.  
Fig. 2. The combination  of  satellite altimetry and tide gauges data on the possiblity of detection of vertical crustal movement
verified by multi-epoch  GNSS measurement (modified [2])
On the aplication of the satelit altimetry data over the coastal area,  some problems will arise due to (1)
land contamination on the return sea surface altimetry signal that will reduce the back scattered and (2)  
high variation of the geophysical condition over the boundary of the land and water [12]. The first 
problem can be addressed using the preprocessing process, called retracking raw/waveform data of the
satellite altimetry. Meanwhile, the second problem can be solved using optimal local geophysical 
correction especially for the wet troposheric and tide correction.
Similar to satellite altimetry conditions, the available-tide gauge data over the area also leads to several
problems such as spike, gap and inconsistent reference data. Therefore, preprocessing and quality control
of the data are necessary to be done prior to the main process. This paper discusses pre-processing of 
satellite altimetry data and tide gauges data before the two data are compared towards the possible
detection of vertical crustal movement. Futher, precise processing of GNSS data are also discussed so that 
the data can be used as the basis of proposed- method control.
Fig. 3. Percentage of the altimeter signal passed the editing criteria vs the distance to the land over Java Island
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2. Preprocessing of Satellite Altimetry 
Over coastal area, the reflected return echo of radar altimetry are often contaminated by coastal terrain, 
island, oceanic tide, geophysical correction and hardware delay over the coastal seas, so the distance 
between satellite and the sea surface could not be precisely determined [10]. Fig 3 shows the percentage 
of the closest recorded pulse that passed the outlier rejection criteria vs distance to the land for three 
satellite altimetry, named: Jason-1, Jason-2 and Envisat over Java Island. The figure indicates that the 
Envisat has the strongest signal in which 15% percent of the signal can enter a range of up to 0 – 5 km 
from the land. The Jason-2 starts to reach 10% signal at a distance of over 11 km. Meanwhile, the Jason-1 
signal can pass through outlier criteria after reaching a distance of 30 km.   
All contaminated data mentioned above can lead to more noise in the data caused by the shape and the 
real position of leading edge of the raw/waveform of altimetry, since the basis of range computation and 
other parameter is different from the pre-given gate and shape. See Fig 4. A preprocessing step is 
necessary to be done by repositioning the leading edge and shape of the wave, then re-estimating the 
range available in the Geophysical Data Record (GDRs), which is called the re-tracking technique of 
radar satellite altimetry.    
 
Fig. 4. Interaction of pulse and scattering surface (a) and schematic of altimetry waveform  (b) [2][8] 
Several methods are available on retracking method, each of which has advantage and disadvantage. 
Therefore, no model could entirely complete the need of many satellite altimetry applications [12]. Two 
methods of retracking have been used, that is, -tracker [1]. The retracking was done, first, for 
Jason-1 data which has the lowest power of entrance to the land compared to other satellite. Fig 5 shows 
the rapid variation of the waveform condition close to the coastal area of Java Island. The shape of the 
waveform depends on the surface types that return signal to the satellite. Over the deep sea, the shape of 
the waveform follows the standard shape with point gate 31 for Jason-1. Meanwhile, over the coastal 
area, marked by flag on, the waveform becomes irregular, with point gate moving from 31 and some are 
combined with two-peak pattern. Such conditions disable an on-board tracking method to resolve an 
already complex waveform pattern and should be corrected.  The magnitude of the correction depends on 
the position of the leading edge (LEP) from the retracking. Table 1 shows the LEP of OCOG traker and 
B-tracker, where the LEP of OCOG is smaller than the LEP B-tracker. This also shows that the deviation 
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of LEP OCOG to on-board tracker is greater than B-tracker. It also indicates that the position of the 
leading edge (PLE) shifts around 1.01 - 1.7 from the value of on-board PLE, resulting in the amount of 
















Fig. 5. Variation of Jason-1 waveform in case of Java island 
           Tabel 1. Posisition of Leading Edge (LEP). 
  
On-board tracking OCOG      B-tracker _OCOG _B tracker 
Minimal 31 29.253      29.896 -1.747 -1.104 
Maximal 31 29.18 29.676 -1.82 -1.324 
Mean 31 29.203 29.924 -1.797 -1.076 
 
3. Preprocessing of Tide Gauges Data 
Accurate application such as geodynamic detection purposes requires high quality of tide gauge data. 
Some aspects affect the quality of tide gauges data over the Java Island, that is, stability of the power 
supply and high variation of sea surface. Those aspects cause, as previously mentioned, three main 
problems: spike, change in reference and gap data.  Fig 6 (above) illustrates an example of TG raw data 
condition at Sadeng station that needs preprocessing data. Data preprocessing was performed 
automatically using a matlab developed-program. The first step was checking the existence and 
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percentage of gap data, based on the availability of data in every minute. The next step was checking the 
possibility of change in reference that often occurs mainly after instrument power failure/long period of 
data gap. Checking was carried out based on the comparison of the mean values between groups of data. 
One group of data was the data from one gap to the next data gap. The data block with the largest amount 
of data was specified as the reference plane. If there were significant differences in the mean value of 
inter-group data, it was concluded that there had been a change in the reference field of data. Further, a 
change in reference was corrected by adding the mean value of the deviation to the measurement value. 
The last step was spike detection, by comparing the value of each measurement to the value of the 
prediction, hereinafter called the residue. The spike was set if the residue was 
be eliminated. After the three steps pre-processing, the percentage of gap data was  identified. The change 

























Fig. 6. Tide data condition with spike, reference change and gap data (above) and tide data after the pre-processing (bottom) 
4. Pre-processing of GNSS Data 
For the purpose of validation of altimeter-tide gauges combination method, two epochs of GNSS 
measurement have been carried out at 4 tide gauges stations, namely CILA (Cilacap), TMAS (Tanjung 
Mas), PAME (Pameungpeuk) dan PRIG (Prigi). The GNSS observations were performed in two epochs 
of 26-29 June 2009 (doys 177-181) and 8-11 July 2012 (doys 190-193) using Trimble geodetic series 
GNSS receiver.  
The processing treated tide gauge station as an observed object station and utilized several global IGS 
reference stations such as COCO (Cocos Island), BAN2 (Bangalore), PIMO (Philippines), DGAR (Diego 
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Garcia Island), NTUS (Philippines), DARW (Darwin). The IGS RINEX GNSS data, precise ephemeris
data (sp3-file), broadcast ephemeris data (brcd-file) for each day were downloaded from IGS website. 
The network configuration of the global station and tide stations are illustrated in Fig 7.
Fig. 7. Configuration network of tide gauges stations ccombined with IGS stations (Source: [2])
The GNSS data were validated using TEQC program with its three main functions: Translating,
Editing and Quality Checking, which can be accomplished separately or in combination [3]. In order to
obtain a high quality result, the processing of the GNSS data implements GAMIT/GLOBK software to
determine the coordinate and its standard deviation.  The coordinates of COCO, BAN2, PIMO, DGAR,
NTUS and DARW were used as references by setting a tight constraint in GAMIT processing. Two types
of analysis were used to determine the difference between the 2009 and 2012 solutions: raw and global
analysis using the GLOBK combined solution.
Fig. 8. The coordinate difference between epochs 1 and 2
If the range of internal baseline is 100 – 450 km, categorized as short-baseline, and internal-external 
baseline range is up to 4000 km, as long baseline, the standar deviation of the baseline is 1 - 4 mm. The
standard deviation of estimated coordinate of epoch 1 and 2 is also in mm level in which standard
deviation of the precession of epoch 1 is higher than that of the epoch 2. The vertical component, Y, 
usually has lower precision than the horizontal component. This result is confirmed with the fact that the
precision of vertical positioning using GNSS technique is even weaker than the precision for horizontal
positioning [11]. Fig 8 shows the difference of coordinates between epochs 1 and 2.
As can be seen from Fig 2, the results show different estimated coordinates between two epochs in
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sub-decimeters. The tide stations of PRIG and TMAS have negative value of different coordinate. In 
order to verify that the coordinate value of the two epochs was significantly different, the t-statistical test 
is also carried out. The results shows that the T-computed of all components is more than 1.960, except 
for Z component of PAME station. It is identified that a significant difference is found in all components 
in four stations. It could be a statistically emphasized that with a 95% confidence level, there is significant 
difference between two epochs.  
Furthermore, the displacement velocity is determined in the interval time of June 2009 and July 2012 
resulted from GLRED module of GLOBK seen in Table 2. Table 2 shows maximum velocity of 
displacement in 2009-2012, which is 0.25182 m/yr for Vy or vertical componen at TMAS station and the 
minimum is 0.00607 m/yr for Vy at PAME station. In general, PRIGI and TMAS stations have higher 
displacement velocity compared to others. 
                Table 2. The displacement velocity of tide station. 
Station Velocity Standart deviation 
Vx (m/yr) Vy (m/yr) Vz (m/yr) x (m/yr) y (m/yr) x (m/yr) 
PRIG 0.05501 -0.18669 0.02135 0.00195 0.00462 0.00111 
TMAS -0.11213 0.25182 -0.04707 0.00166 0.00354 0.00091 
CILA -0.00772 -0.05286 -0.00535 0.00119 0.00259 0.00070 
PAME -0.02865 0.00607 -0.01336 0.00109 0.00257 0.00069 
5. Conclusions  
 Two retracking methods have been used to compute the real Position of Leading Edge (PLE) to 
reestimate/correct the range available in the Geophysical Data Record (GDRs). The results show that PLE 
has moved for about 1 - 1.7 from the value of on-board PLE, resulting in the amount of range of 
correction within ± 0.68m.  
Tree main problems of TG data over Java Island have been solved by means of automatic spike, gap 
and inconsistent reference detection. The results show that percentage of data gap have been identified, 
inconsistence in reference has been corrected, and  spike has also been eliminated.  
Validation of the method was done using the GNSS multi-epoch measurements. The GNSS 
processing results using GAMITS and G-BLOK software shows that there is a significant change in 3D 
coordinate at four stations, with velocity of 2 – 5 cm/year except at Tanjung Mas station, city of 
Semarang,  that experienced rapid land subsidence.  
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